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SEMICONDUCTOR PHOTO-DETECTING ELEMENT 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a semiconductor photo-detecting 
element and, more particularly, to an avalanche photodiode (APD). 

2. Description of the Related Art 

The planar type superiattice avalanche photodiode (hereinafter 
abbreviated as APD) shown in Figure 7 has been reported as a high-speed, 
high-sensitivity photo-detecting element for next-generation optical 
communication systems (Patent Document 1 and Non-patent Document 1). 

Such conventional photo-detecting elements have high gain bandwidth 
product (GB product) and low-noise owing to the effect of an InAIAs/lnAIGaAs 
superiattice multiplication layer on an increase in the ratio of the ionization rate 
and have a stmcture that only a stable InP planar pn junction is exposed to the 
surface. Therefore, they are characterized by being high-reliability elements. 

More specifically, the layered structure of a conventional photo-detecting 
element consists, on a semiconductor substrate, of a buffer layer of the first 
conductivity type, a light-absorbing layer of the first conductivity type, a field 
buffer layer of the first conductivity type, a multiplication layer, an etching 
stopper layer, a buffer layer of the second conductivity type, and a contact layer 
of the second conductivity type. 

For this layered structure, an impurity of the first conductivity type is 
diffused from the substrate surface to a peripheral portion of an isolation trench 
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formed in the periphery of the element, and the upper surface of the peripheral 
portion is formed as an electrode of the first conductivity type, whereas an 
electrode of the second conductivity type is formed on the surface of the center 
of the element. 

The width of the isolation trench is large relative to the distance over 
which the impurity is diffused, and no short circuit due to the diffusion of the 
impurity occurs. 

The electrodes of the first and second conductivity type s are separated 
from each other by the isolation trench which Is formed by performing etching 
from the surface to the etching stopper layer (after the fomiation of the isolation 
trench, a dielectric film is formed), and function as two electrodes of a diode. 

Also, by doping an Impurity to the bottom of this isolation trench, the 
electric field distribution is adjusted so that good breakdown characteristics can 
be obtained. 

Because photo-detecting elements fabricated in this manner permit 
light-electricity conversion at high speeds and with high sensitivities, they are 
used especially effectively In receivers for optical communication and In 
devices for optical measurement. 

Patent Document 1 : Japanese Patent Laid-Open No. 7-312442 
Non-patent Document 1 : Watanabe et al., IEEE. Photonics Technol. Lett., 
pp. 827-829. vol. 8, 1996 

In the structure of the conventional technology, as shown in Figure 8. 
elecfric fields applied to the multiplication layer and the etching stopper layer 
have almost the same strength. 

The APD of the planar type structure shown In the related art uses a 
superiattlce structure as the multiplication layer, and this structure is 
characterized by multiplication from a low electric field. In the case of a 
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superlattice structure, an electric field applied to the multiplication layer is low 
and, therefore, the breakdown electrical field strength of the etching stopper 
layer is not exceeded. For this reason, the dark current problem is not a great 
problem. 

On the other hand, when a multiplication layer having a higher GB 
product is to be obtained, there has been known a method which involves 
increasing the value of GB product, for example, by reducing the film thickness 
of a single layer of InAIAs as the multiplication layer without using a superiattlce 
structure. 

InP is often used as a material for the etching stopper layer. The 
reason is that the etching selective ratio can be set at a high value compared to 
materials, such as InAIAs, InGaAs and InAIGaAs. On the other hand, InP has 
a low breakdown electrical field strength compared to InAIAs and InAIGaAs. 
For this reason. InP is a material desirable for an etching stopper. However, 
in a case where the GB characteristics are to be improved by reducing the film 
thickness of the electronic multiplication layer (Increasing the field strength 
applied to the electronic multiplication layer), a high field strength exceeding the 
breakdown electrical field strength of the etching stopper layer is applied to the 
etching stopper layer and a very large dark cun-ent is generated in the etching 
stopper layer, deteriorating the multiplication characteristics and increasing 
noise of the device. 

Incidentally, in addition to InP, as the etching stopper layer 
lnxGa(i,x)AsyP(i.y) (0 s X s 1 .0, 0 £ y s 1 .0) and AlAsSb can also be used under 
lattice matching conditions with InP. 

Therefore. It is impossible to apply the technique for fabricating a 
high-sensitivity semiconductor photo-detecting element by using a 
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multiplication layer in which the GB product Is improved by reducing the film 
thickness of the multiplication layer. 

SUMMARY OF THE INVENTION 

5 

The present invention provides a semiconductor photo-detecting element 
comprising, wherein 

at least a buffer layer of the first conductivity type, a light-absorbing layer, 
a field buffer layer of the first conductivity type, a multiplication layer, an etching 
10 stopper layer, a buffer layer of the second conductivity type, and a contact layer 
of the second conductivity type formed on a semiconductor substrate in this 
order, and 

a field strength applied to the etching stopper layer is lower than a field 
strength applied to the multiplication layer. An impurity of the light-absorbing 

1 5 layer may be of either the first conductivity type or the second conductivity type. 

In the present invention, it is preferred that the breal<down electrical field 
strength of the etching stopper layer be lower than the breal<down electrical 
field strength of the multiplication layer, that the field strength applied to the 
etchrng stopper layer be lower than the breakdown electrical field strength of 

2 0 the etching stopper layer or the field strength applied to the multiplication layer 
be higher than the breakdown electrical field strength of the etching stopper 
layer. 

For this reason, in the present Invention, between the multiplication layer 
and file etching layer there may be provided a field buffer layer of the second 
55 conductivity type which relaxes the field of tfie multiplication layer or an impurity 
of the multiplication layer may be of either the first conductivity type or the 
second conductivity type. When the impurity is of the second conductivity type. 
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it is more preferred that the impurity has an impurity concentration of not less 
than 1x10^* (cm-^). 

In the present invention, it is preferred that the multiplication layer be a 
single layer in which the ratio of elements forming the multiplication layer is 
5 constant. It is more preferred that the multiplication layer be a layer formed 
from InAlAs and it is more preferred that the multiplication layer have a 
thickness of not more than 0.3 jjim. 

In this case, it is prefen-ed that the etching stopper layer be a layer 
fonned from InP or lnxGa(i.x)AsyP(i.y) (0 s x s 1 .0, 0 s y s 1 .0). 

10 When an impurity is added to the multiplication layer. It is preferred that 

the layer thickness (dm (cm)) of the multiplication layer, the impurity 
concentiatton of the second conductivity type (Ndm (cm^), and the magnitude 
of the electric field (AEm (kV/cm)) which relaxes the field strength applied to the 
multiplication layer satisfy the relationship Ndm a k x eO x AEm/(q x dm). 

15 When a field buffer layer Is provided, it is preferred that the layer 

thickness (dk (cm)) of the field buffer layer of the second conductivity type, the 
Impurity concentration of the second conductivity type (Ndk (cm"^)), and the 
magnitude of the electric field (AEk (kV/cm)) which relaxes the field strength 
applied to the multiplication layer satisfy the relationship Ndk & k x eO x AEk/(q 

20 X dk). 

By using a structure which reduces the electric field applied to the 
etching stopper layer, it Is possible to use a multiplication layer having 
higher-performance multiplication characteristEcs (a multiplication layer which 
performs multiplier by a high electric field). 
25 By adopting the first method, an electric field applied to the adjoining 

etching stopper layer can be reduced compared to a maximum field strength in 
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the multiplication layer and it beconfies possible to keep the electric field lower 
than the breakdown electrical field strength of the etching stopper layer. 

For example, in a case where a maximum value of the multiplier 
electrical field of the multiplication layer is 700 (kV/cm) and the breakdown 
5 electrical field strength of the etching stopper layer is 600 (kV/cm), it is possible 
to reduce a dark current in the etching stopper layer if an electric field is 
reduced by not less than about 100 (kV/cm) in the interior of the multiplication 
layer. 

Therefore, by setting the multiplication layer thickness at 0.2 \im and the 
10 impurity concentration of the second conductivity type at 5 x 1 0^® (cm"^), the 
field strength in the etching stopper layer can be reduced by 145 (kV/cm). 
That Is, 700 - 145 = 555 (kV/cm) and this value Is large enough to withstand as 
an electric field. 

As a result of this, it Is possible to use a structure of an etching stopper 
15 layer having a breakdown electrical field strength of 600 (kV/cm) while using a 
multiplication layer having a high field strength of 700 (kV/cm). 

Owing to this multiplication layer of a high multiplier electrical field 
strength, an APD can be given characteristics in which the GB product is 
improved and a dark current is equivalent to the level of the related art or 
20 below. 

Therefore, it is possible to fonn an avalanche photodiode having higher 
speeds and higher sensitivities than the related art. 

By adopting the second method, an electric field whose magnitude is 
relaxed by the field buffer layer from the field strength applied to the 
25 multiplication layer is applied to the etching stopper layer, and it becomes 
possible to use a material having a multiplier electrical field strength which is 
larger than the field strength which the etching stopper layer withstands. 
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For example, in a case where a maximum value of the multiplier 
electrical field of the multiplication layer is 650 (kV/cm) and the breakdovym 
electrical field strength of the etching stopper layer is 550 (kV/cm). it is possible 
to suppress a dark current generated in the etching stopper layer if there is a 
field relaxation function of not less than 100 (kV/cm) in the relaxation layer of 
the second conductivity type between the multiplication layer and the etching 
stopper layer. 

By setting the thickness of the relaxation layer of the second conductivity 
type at 0.1 ^m and the impurity concentration at 1 x 10^^ (cm"®), It is possible to 
relax the electric field by 1 45 (kV/cm). Therefore, the electric field in the 
etching stopper field is calculated as follows: 650 - 1 45 = 455 (kV/cm). This is 
a sufficiently low electric field. 

As a result of this, it is possible to use a structure of an etching stopper 
layer having a breakdown electrical field strength of 550 (kV/cm) while using a 
multiplication layer having a high field strength of 650 (kV/cm). 

Owing to this multiplication layer of a high multiplier electrical field 
strength, an APD can be given characteristics in which the GB product is 
improved and a dark current is equivalent to the level of the related art or below. 
Therefore, it is possible to form an avalanche photodiode having higher speeds, 
higher sensitivities and lower noise than the related art. 

The present invention can also be applied to an APD of a conventional 
structure. In this case, because the field strength applied to the etching 
stopper layer is relaxed, this produces the effect that it is possible to further 
reduce a dark current and that an Improvement of the characteristics (low noise 
design) can be achieved. 
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Figure 1 is an explanatory diagram (1) of the First Embodiment of the 
present Invention; 

Figure 2 Is an explanatory diagram (2) of the First Embodiment of the 
present Invention; 

Figure 3 is an explanatory diagram of Example 1 ; 

Figure 4 Is an explanatory diagram (1) of the Second Embodiment of the 
present Invention; 

Rgure 5 Is an explanatory diagram (2) of the Second Embodiment of the 
present invention; 

Figure 6 is an explanatory diagram of Example 2; 
Figure 7 Is an explanatory diagram (1) of a background art; and 
Figure 8 is an explanatory diagram (2) of a background art. 
In these drawings, the symbols have the following meanings; 1-1 
Semiconductor substrate, 1 -2 Buffer layer of the first conductivity type, 1 -3 
Light-absorbing layer of the first conductivity type, 1 -4 Field buffer layer of the 
first conductivity type, 1 -5 multiplication layer of the second conductivity type, 
1 -6 Etching stopper layer, 1 -7 Buffer layer of the second conductivity type, 
1 -8 Contact layer of the second conductivity type, 1 -9 Dielectric film. 1 -1 0 
Electrode, 1 -1 1 Electrode, 1-12 Impurity diffusion region, 1 -1 -1 Breakdown 
electrical field strength of etching stopper layer, 1 -1—2 AE, 1 -1 -3 Line of 
field distribution, 1 -3-1 inP semiconductor substrate, 1 -3-2 p type buffer 
layer, 1-3-3 p type light-absorbing layer, 1-3-4 p type field buffer layer 
1-3-5 n type multiplication layer, 1-3-6 Etching stopper layer, 1-3-7 n type 
buffer layer. 1 -3-8 n type contact layer. 1 -3-9 SINx dielectric film, 1-3-10 p 
electrode. 1 -3-1 1 n electrode. 1 -3-1 2 Zn diffusion region, 2-1 
Semiconductor substrate, 2-2 Buffer layer of the first conductivity type. 2-3 
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Ught absorbing layer of the first conductivity type, 2-4 Field buffer layer of the 
first conductivity type, 2-5-1 multiplication layer. 2-5-2 Field buffer layer of 
the second conductivity type. 2-6 Etching stopper layer, 2-7 Buffer layer of 
the second conductivity type, 2-8 Contact layer of the second conductivity 
5 type, 2-9 Dielectric film, 2-10 Electrode, 2-1 1 Electrode, 2-12 Impurity 
diffusion region. 2-2-1 Breakdown electrical field strength of etching stopper 
layer. 2-2—2 AE. 2-2-3 Line of field distribution, 2-3-1 Semiconductor 
substrate, 2-3-2 p type buffer layer. 2-3-3 p type light-absorbing layer. 2-3-4 
p type field buffer layer, 2-3-5-1 multiplication layer, 2-3-5-2 n type field 

10 buffer layer, 2-3-6 Etching stopper layer, 2-3-7 n type buffer layer, 2-3-8 n 
type contact layer. 2-3-9 SiNx dielectric film. 2-3-10 p electrode. 2-3-1 1 n 
electrode, 2-3-1 2 2n diffusion region, 3-1 Semiconductor substrate, 3-2 
Buffer layer of the first conductivity type. 3-3 Light-absorbing layer of the first 
conductivity type, 3-4 Field buffer layer of the first conductivity type. 3-5 

X5 multiplication layer, 3-6 Etching stopper layer, 3-7 Buffer layer of the second 
conductivity type, 3-8 Contact layer of the second conductivity type. 3-9 
Dielectric film, 3-10 Electrode. 3-1 1 Electrode. 3-1 2 Impurity diffusion 
region. 3-2-1 Breakdown electrical field strength of etching stopper layer. 
3-2-2 Line of field distribution. 

20 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

In order to ensure that an electrical field higher than the breakdown 
electrical field strength of an etching stopper layer can be applied to a 
25 multiplication layer, the field strength applied to the multiplication layer Is 
relaxed and the field strength applied to the etching stopper layer is set at a 
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lower value than the field strength applied to the multiplication layer. The 
present inventors found out that this can be realized by the following methods. 

In the first method, a multiplication layer adjoining an etching stopper 
layer is doped with an impurity of the second conductivity type and the function 
5 of relaxing an electric field is given to the multiplication layer. 

In the second method, a multiplication layer is formed as a structure 
which is doped with a low-concentration impurity regardless of the conductivity 
types, and between the multiplication layer and an etching stopper layer there 
Is provided afield buffer layer having the function of field relaxation which is 
10 doped with an Impurity of the second conductivity type. 

The first method is such that the field strength in the interior of the 
multiplication layer is reduced by doping the multiplication layer having a high 
multiplier strength with an impurity of the second conductivity type. 

By using this method, the electrical field strength applied to the etching 
15 stopper layer can be reduced by a necessary amount or in a range exceeding 
this necessary amount in comparison with the multiplier electrical field strength. 

On that occasion, the relationship among the amount by which the 
electric field is to be reduced, the layer thickness of the multiplication layer, and 
the impurity concentration can be expressed by Equation (1) below. 
20 AEm = q X dm X Ndm/(k X eO) ... (1) 

where, AEm: amount by which the electric field is to be reduced (kV/cm), 
q: elementary quantity of electric charge, dm: multiplication layer thickness (cm). 
Ndm: impurity concentration of multiplication layer (cm"^), k: dielectric constant 
of multiplication layer, and eO: pemiittivity in a vacuum. 
25 If a multiplication layer having a thickness of 0.2 ^m and an impurity 

concentration of 2 x 10^® (cm"^) is used, from Equation (1) about 58 (kV/cm) is 
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Obtained as the amount of a reduced electric field AEm as viewed from a 
maximum electric field. 

In tills manner, tiie amount of a reduced electric field can be determined 
by setting the Impurity concentration and thickness of the multiplication layer. 
5 In the second method, a field buffer layer Is Inserted between a 

multiplication layer having a high multiplier electrical field strength and an 
etching stopper layer. By using this method, the field strength applied to the 
etching stopper layer can be reduced by a necessary amount or in a range 
exceeding this necessary amount in comparison with the field strength applied 
10 to the multiplication layer. 

The multiplication layer may be doped with either of an Impurity of the 
first conductivity type or an impurity of the second conductivity type so long as it 
has a very low Impurity concentration. 

The amount by which the electric field is to be relaxed in the field buffer 
15 layer, AEk, can be expressed by Equation (2) below. 

AEk = q X dk X Ndk/(k x eO) ... (2) 

where, dk is the layer tiiickness of the field buffer layer, Ndk Is the 
impurity concentration of the field buffer layer {the conductivity type is the same 
conductivity type as the multiplication layer of the second conductivity type), q 
20 is the elementary quantity of electric charge, and k is the dielectric constant of 
the field buffer layer. 

For example, if the thickness and concentration of the field buffer layer of 
the second conductivity type are, respectively, 0.1 and 5x10^^ (cm"^), the 
amount of the relaxed electric field AEk becomes about 72 (kV/cm). 
25 (First Embodiment) 

The First Embodiment will be described in detail by using Rgures 1 and 

2. 
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Figure 1 shows a schematic structural section of this embodiment. 

On a semiconductor substrate 1 -1 (any conductivity type may be used), 
there is formed a layered structure which is constituted, in sequence from the 
semiconductor substrate 1 -1 , by a buffer layer of the first conductivity type 1 -2, 
a llght-absort)ing layer of the first conductivity type 1 -3, a field buffer layer of the 
first conductivity type 1 -4, a multiplication layer of the second conductivity type 
1-5, an etching stopper layer 1-6, a buffer layer of the second conductivity type 
1 -7, and a contact layer of the second conductivity type 1 -8. 

Next, in order to provide electrodes for the light-absorbing layer and the 
contact layer on the surface, an isolation trench between the electrodes is 
formed from the surface to the depth of the etching stopper layer. After that, a 
dielectric film 1-9 which serves as an insulatirig film, such as a silicon oxide film 
or a silicon nitride film, is formed on the whole surface. Incidentally, the 
dielectric film may be films other than a silicon oxide film and a silicon nitride 
film. After that, the dielectric film in the electrode formation region of the 
light-absorbing layer at the periphery of the isolation trench is removed, and an 
impurity of the first conductivity type is doped and diffused until the impurity 
reaches the buffer layer, whereby an impurity diffusion region 1 -12 Is formed. 
Next, the dielectric film in the electrode formation region of the contact layer in 
the interior of the isolation trench is removed. 

Electrodes 1-1 1 and 1-12 are formed In the electrode formation region 
for the light-absorbing layer and the contact layer. 

If the multiplication layer 1-5 is exposed to the surface of the isolation 
trench, a surface leak current is generated, deteriorating the characteristics. 
Therefore, it is necessary to provide the etching stopper layer 1-6 between the 
multtplication layer 1 -5 and the buffer layer of the second conducti\my type 1 -6. 
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When selective etching is performed for a lll-V group compound 
semiconductor, in an etching stopper layer, a V group element different from an 
element of a layer formed as a layer on the etching stopper layer is used. 
Therefore, a high selectivity can be obtained even when the impurity 
5 concentration of either of the layers becomes higher. 

It is preferred that in the etching stopper layer 1-6, a V group element 
different from an element constituting the multiplication layer 1-5, which forms a 
layer under the etching stopper layer 1 -6. be used. If the same element is 
used, the etching stopper layer 1-6 obtains the same function as the 

10 multiplication layer 1 -5, which constitutes a layer under the etching stopper 
layer 1-6. This is because in this case, the etching stopper layer 1-6 obtains 
the same function as when the multiplication layer under the etching stopper 
layer 1-6 becomes thick. 

Incidentally, the light-absorbing layer may be of the second conductivity 

15 type as with the Second Embodiment. 

A schematic diagram of the distribution of electric fields applied to each 
layer is shown in Figure 2. In this embodiment, the Impurity concentration of 
the multiplication layer is increased. As a result, as shown in Figure 2, the 
multiplication layer of the second conductivity type has the function of relaxing 

20 the electric field. A maximum field strength applied to the multiplication layer 
is relaxed, and an electric filed lower than the maximum field strength applied 
to the multiplication iayer'of the second conductivity type is applied as an 
electrical field applied to the etching stopper layer. For this reason, even 
when the maximum electrical field strength of the multiplication layer is larger 

25 thart in the related art, a dark current does not increase and It is possible to 
obt^n multiplication characteristics having a high S/N ratio of a multiplication 
cun-ent. 
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More specifically, for example, In a case where InAIAs is used as the 
material and the multiplication layer has a layer thickness of 0.3 jjjn, the 
maximum electric field of the multiplication layer becomes about 600 to 650 
(kV/cm). 

5 When InP is used as the etching stopper layer, its breakdown electrical 

field strength becomes 600 (kV/cm). In this case, the electric field applied to 
the etching stopper layer becomes not more than the breakdown electrical field 
strength if the electric field is reduced by about 50 (kV/cm) in the multiplication 
layer. The amount of an electric field capable of being reduced In the 
10 multiplication layer AEm is given by Equation (3) below. 
AEm = q X dm X Ndm/{k x eO) • • • (3) 

where, q = 1.6 x 10'^^ (C), eO = 8.85 x lO"^* (permittivity In a vacuum, 
expressed by cm), dm = layer thickness of the multiplication layer (cm), Ndm = 
impurity concentration of the multiplication layer (cm"^), and k = 12.5 (dielectric 
1 5 constant of the multiplication layer). 

In a case where a multiplication layer having a thickness of 0.3 urn and 
an impurity concentration of the second conductivity type of 1 .5 x 10^^ (cm"*) is 
used, from Equation (3) the amount of a reduced field AEm = 65 (kV/cm) is 
obtained. 

20 In this manner, the amount of a reduced field can be determined by 

setting the Impurity concentration and thickness of the multiplication layer. To 
increase the QB product is the purpose of using a thin-film multiplication layer 
whic^i is a single layer, and if the film thickness does not exceed 0.3 jxm, the 
Impurity concentration of the multiplication layer is preferably not less tinan 1.0 

25 X 1 0'® (cm'^) and more preferably 1 .5 x 1 0^^ (cm"®). Impurity concentrations of 
not less than 1x10'® (cm"') are sufficiently high impurity concentrations 
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compared to those from 1 x 10^^ to 5 x 10^^ (cm*^), which are impurity 
concentrations in the undope case. 

Because device operations are possible if the amount by which the 
electric field is to be reduced In the Interior of the multiplication layer is larger 
5 than described in the above-described case, it is necessary only that the 
impurity concentration of the above-described multiplication layer be thicker 
than 1.5 x 10^* (cm"^). 

Because the present invention has as Its main object to make it possible 
to use a multiplication layer of the planar type stmcture having a high multiplier 
10 electrical field strength as in a thin-film (s 0.3 urn) multiplication layer which has 
a high GB product, the thickness of the multiplication layer is often first 
determined. 

Therefore, in many cases, the layer thfokness of the multiplication layer 
is first determined and after that, a concentration suited to a necessary amount 
15 of an electric field to be reduced Is calculated from an equation. 

Therefore, after tiie determination of the film tiiickness dm, the impurity 
concentration can be calculated from Equation (4) below by adding the 
condition that concentrations thicker than the above concentration are allowed. 
Ndm 2 k X eO X AEm/(q x dm) • • • (4) 
20 If in a structure meeting this condition, a multiplication layer having an 

electric field higher than in the related art is applied to a planar type APD, then 
It becomes possible to obtain a device which ensures device operations of a 
higher GB product with a multiplication dark current equivalent to that of the 
related art and a lower multiplication dark current with a GB product equivalent 
25 to that of tiie related art. 
(Second Embodiment) 

The Second Embodiment will be described in detail by using Figure 4. 
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Figure 4 shows a schematic staictural section of this embodiment 
On a semiconductor substrate 2-1 (any conductivity type may be used), 
there is formed a layered structure which is constituted, in sequence from the 
semiconductor substrate 2-1 . by a buffer layer of the first conductivity type 2-2, 
5 a light-absorbing layer of the first conductivity type 2-3, a field buffer layer of the 
first conductivity type 2-4. a multiplication layer 2-5-1 , a field buffer layer of the 
second conductivity type 2-5-2, an etching stopper layer 2-6, a buffer layer of 
the second conductivity type 2-7, and a contact layer of the second conductivity 
type 2-8. 

0 Next, in order to provide electrodes for the light-absorbing layer and the 

contact layer on the surface, an isolation trench between the electrodes Is 
fomned from the surface to the depth of the etching stopper layer. After that, a 
dielectric film 2-9 which serves as an insulating film, such as a silicon oxide film 
and a silicon nitride film, Is formed on the whole surface. Incidentally, the 

5 dielectric film may be films other than a silicon oxide film and a silicon nitride 
film. After that, the dielectric film in the electrode formation region of the 
light-absorbing layer at the periphery of the Isolation trench is removed, and an 
impurity of the first conductivity type Is caused to diffuse until the impurity 
readies the buffer layer, whereby an impurity diffusion region 2-12 Is fonned. 

D Next, the dielectric film In the electrode formation region of the contact layer In 
the interior of the Isolation trench is removed. 

Electrodes 1-1 1 and 1-12 are formed In the electrode formation region 
for the light-absorbing layer and the contact layer. 

A schematic diagram of the distribution of electric fields applied to each 

> layer is shown in Figure 5. In this embodiment, a field buffer layer of the 
second conductivity type is provided In order to relax electric fields. As a 
result, as shown in Figure 5, an electric field applied to the multiplication layer 
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of the second conductivity type is relaxed by the field buffer layer of the second 
conductivity type, a field strength applied to the multiplication layer is relaxed, 
and a magnetic field having a lower field strength than the field strength applied 
to the multiplication layer of the second conductivity type is applied as a field 
5 strength applied to the etching stopper layer. For this reason, even when the 
maximum strength of the electric field of the multiplication layer is larger than in 
the related art, a dark current does not increase and It is possible to obtain 
multiplication characteristics having a high S/N ratio of a mumpltcation current. 
More specifically, for example, in a case where InAIAs is used as the 
10 material and the multiplication layer has a layer thickness of 0.2 ^m, the 

maximum electric field of the multiplication layer becomes about 650 to 700 
(kV/cm). 

When InP is used as the etching stopper layer, its breakdown electrical 
field strength becomes 600 (kV/cm). In this case, the electric field applied to 
1 5 the etching stopper layer becomes not more than the breakdown electrical field 
strength if the electric field is reduced by not less than about 1 00 (kV/cm) in the 
field buffer layer of the second conductivity type. The amount of electric field 
capable of being reduced in the multiplication layer AEk is given by Equation 
(6) below. 

20 AEk = qxdkx Ndk/(kxeO) ... (5) 

where, q = 1.6 x AO'^^ (C), eO = 8.85 x lO"^* (permittivity In a vacuum, 
expressed by cm), dk = layer thickness of the relaxation layer of the second 
conductivity type (cm). Ndk = impurity concentration of the relaxation layer of 
the second conductivity type (cm"^), and k = 12.5 (dielectric constant of the 

2 5 relaxation layer of the second conductivity type). 
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For example, when the relaxation layer of the second conductivity type is 
formed with a layer thickness of 0.1 urn and an Impurity concentration of 1 x 
10^^ (cm'^), AEk = 145 (kV/cm) and the above-described conditions can be met. 

Because the device functions if the amount of a relaxed electric field Is 
5 not less than this value, the conditions for concentration and film thickness can 
be expressed by Equation (7) below. 

AEk s q X dk X Ndk/(k x eO) ... (6) 

It is possible to obtain the effect of reducing a dark current In the etching 
stopper layer by fabricating a device so as to meet the conditions of Equation 
10 (6). 

Incidentally, the First and Second Embodiments were described in the 
case where InAIAs having a small film thickness is used as the multiplication 
layer in order to increase the GB product compared to the related art. 
However, the present invention can be applied to a semiconductor 

15 photo-detecting element of the conventional structure. When the present 
invention is applied to the related art, the field strength applied to the etching 
stopper layer decreases. Because the field strength applied to the etching 
stopper layer is relaxed, a dark current decreases compared to the related art, 
producing the effect that the characteristics are improved (low-noise designs). 

20 Examples 
(Example 1) 

As shown in Figure 3, on an n type or a p type (or an SI 
(serfiMnsulating)) InP semiconductor substrate 1-3-1, there are laminated a p 
type buffer layer of InP. InAIAs or InAIGaAs 1-3-2,a p type light-absorbing layer 
25 of InGaAs 1-3-3, a p type field buffer layer 1-3-4, an n type multiplication layer 
1-3-5, an etching stopper layer 1-3-6, an n type buffer layer 1-3-7 and an n type 
contact layer 1-3-8 and a planar type APD is obtained by performing isolation 
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etching, dielectric passivation (an SiNx dielectric layer 1 -3-9) and the like for 
this structure). 

InAIAs having a film thickness of 0.3 nm and an impurity concentration of 
3x10^^ (cm"^) is used as the n type multiplication layer 1-3-5, InP of 0.1 jim is 
5 used as the etching stopper layer 1 -3-6, InAIAs having a film thickness of 0.5 
im and an impurity concentration of 1 x 10^* (cm*^) Is used as the n type buffer 
layer 1-3-7, and InGaAs having a film thickness of 0.2 (xm and an impurity 
concentration of 5 x 10^® (cm"^ is used as the n type contact layer 1-3-8. 

Incidentally, it is also possible to use an n type light-absorbing layer in 
10 place of the p type light-absorbing layer. 

This n type multiplication layer 1-3-5 has the function of lowering an 
electric field by 1 30 (kV/cm), and even in the operation condition under which 
the maximum value of the multiplier electrical field is 650 (kV/cm), the electric 
field applied to the InP etching stopper layer 1-3-6 becomes 520 (kV/cm). 
15 As a resuH of this, it is possible to simultaneously meet the requirement 

that the multiplication layer is a structure having a multiplier electrical field 
higher than the breakdown electrical field strength of the etching stopper layer 
1 -3-6 and the requirement that the structure have a low dark current. 

In a device thus fabricated, a dari< current decreased on the whole 
20 surface in the interior of a wafer. A dark cun-ent in a device vwth a 

photo-detecting diameter of 30 |xm was measured. Under the condition where 
the temperature is 0 to 85 (°C), it was possible to obitein a dari< current of not 
more than 500 (nA) at 0.9 Vb. 
Vb is breakdown voltage. 
25 For the GB product, it was possible to obtain a gain bandwidth product of 

80 (GHz) (under a load of 50 (Q)). 
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For device reliability, it is estimated that a life of not less than 1 million 
hours is obtained. 

These characteristics are especially effective for use in receiver for 
optical communication. 

To simultaneously meet these characteristics is made possible only 
when the structure proposed in the present specification is used. 
(Example 2) 

As shown in Figure 6. on an n type (or an SI type) InP substrate 2-3-1 . 
there are laminated a p type buffer layer formed from InP, InAIAs or InAIGaAs 
2-3-2.a p type light-absorbing layer fonned from InGaAs 2-3-3, a p type field 
buffer layer 2-3-4, a multiplication layer 2-3-5-1 . an n type field buffer layer 
2-3-5-1 , an etching stopper layer 2-3-6, an n type buffer layer 2-3-7 and an n 
type contact layer 2-3-8 and a planar type APD is obtained by performing 
Isolation etching. SiNx dielectric passivation and the like for this structure. 

InAIAs which has a film thickness of 0.2 nm and is not doped is used as 
the multiplication layer 2-3-5-1 , InAIAs having a film thickness of 0.1 \xm and a 
concentration of 1 x 1 o" (cm"^) is used as the n type field buffer layer 2-3-5-2, 
In P of 0.1 \ixn is used as the etching stopper layer 2-3-6, InAIAs having a film 
thickness of 0.5 and a concentration of 1 x 10^® (cm"^) is used as the n type 
buffer layer 2-3-7, and InGaAs having a film thickness of 0.2 ^m and a 
conQentration of 5 x 10" (cm"^) is used as the n type contact layer 2-3-7. 

This n type field buffer layer has the function of lowering an electric field 
by 145 (kV/cm), and even in the operation condition under which the maximum 
value of the multiplier electrical field is 700 (kV/cm). the electric field applied to 
the InP etching stopper layer becomes 555 (kV/cm). 

As a result of this. It is possible to simultaneously meet the requirement 
that the multiplication layer be a structure having a multiplier electrical field 
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higher than the breakdown electrical field strength of the etching stopper layer 
and the requirement that the structure have a low dark current. 

In a device thus fabricated, a dark current decreased on the whole 
surface in the Interior of a wafer. A dark current In an element with a 
5 photo-detecting diameter of 30 fxm was measured. Under the condition where 
the temperature is 0 to 85 (°C), it was possible to obtain a dark current of not 
more than 500 (nA) at 0,9 Vb, Vb is breakdown voltage. 

For the GB product, it was possible to obtain a gain bandwidth product of 
85 (GHz) (under a load of 50 (Q)). 
0 It is estimated that device reliability is not less than 1 million hours. 

These characteristics are especially effective for use in optical receivers 
for optical communication. 

. To simultaneously meet these characteristics is made possible only 
when the structure proposed in the present specification is used. 



